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(54) Electrostatic ink-jet recording apparatus using ink containing charge particulate material 

(57) A head body (11) is shaped to project toward 
an ink ejection side, and formed along the projection 
with an ink channel (18) for circulating the ink, at the ver- 
tex of the front end of which an opening is formed for 
ejecting the ink from the ink channel. An ejection elec- 
trode (12, 13) is formed along the front end of the head 
body. Its front end reaches the opening. An electro- 
phoresis electrode is secured in the ink channel (18) at 
a position opposite to the opening, and supplied with a 
voltage for moving the toner particles in the ink flowing 
in the ink channel to the front end of the ejection elec- 
trode with the electrophoresis effect. An opposite elec- 
trode is positioned opposite to the ink ejection side. A 
drive circuit drives the opposite electrode when the 
electrophoresis electrode is driven, and generates volt- 
age for attracting the toner particles toward the opposite 
electrode with Coulomb force that is generated by an 
electric field acting between the ejection electrode and 
the electrophoresis electrode, and the opposite elec- 
trode. 




FIG. 3 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an electrostatic ink- 
jet recording apparatus in which charged particulate 
material in ink is deposited on a recording medium with 
the action of electrostatic force for recording, and, more 
particularly, to an electrostatic ink-jet recording appara- 
tus which enables it to simplify its manufacturing proc- 
ess. 

Description of the Prior Art 

Conventionally, as described in PCT Publication 
Number WO 93/1 1866, an electrostatic ink-jet recording 
apparatus has an electrostatic ink-jet recording head, 
and an opposite electrode positioned behind recording 
paper and for producing an electric field between the 
recording paper and the ink-jet recording head. The ink- 
jet recording head has, as shown in Fig. 1 , a head body 
40. and ink channels 41 and 42 formed within the head 
body 40 and through which ink liquid supplied from an 
ink tank or the like flows. The ink channel 41 supplies 
the ink to the front end of the head body 40. The ink liq- 
uid supplied to the front end is then introduced into the 
ink channel 42 along an ink director 43. This forms a cir- 
culating path of ink liquid. 

A plurality of ejection electrodes 45 and insulators 
48 are alternately formed on the inclined surface of the 
head body 40. Each ejection electrode 45 is driven by 
each of drive sources 49 when ejecting the ink. Each of 
the front end 46 of the ejection electrode 45 is formed 
with a blade 47 projecting from the end of the ink chan- 
nel 41 and projects therefrom. The blade 47 projects in 
the direction of ink ejection, and is necessary for direct- 
ing the front end 46 toward the direction of ink ejection. 
This makes parallel the direction of ink ejection and the 
direction of the front end 46 of the ejection electrode. 
The front end 46 of the ejection electrode faces an 
opposite electrode (not shown). Although it does not 
describe how to form the ejection electrode, it is antici- 
pated that it is formed by laminating conductors. The ink 
liquid in the ink channel 41 is supplied to the front end 
46 of the ejection electrode by its surface tension. This 
forms an ink meniscus at the front end 46. 

The ink liquid contains a charged particulate mate- 
rial for coloring. Hereinafter, the charged particulate 
material is called a toner particle (or toner particles). 
While the toner particles are positively charged by zeta 
potential, the ink liquid maintains to be electrically neu- 
tral in a state where no voltage is applied to the ejection 
electrode 45. The polarity of zeta potential depends on 
the characteristics of the toner particle. 

When a positive voltage is applied to the ejection 
electrode 45, positive potential increases in the ink liq- 



uid. At the moment, the toner particles move in the ink 
liquid toward the front end 46 of the ejection electrode 
45 by an electric field acting between the ejection elec- 
trode 45 and the opposite electrode (not shown). When 

5 the toner particles reach the front end 46, they are 
strongly attracted toward the opposite electrode by an 
electric field acting between the front end 46 and the 
opposite electrode. When Coulomb force acting 
: between the toner particles concentrated at the front 

10 end 46 of the ejection electrode and the opposite elec- 
trode significantly exceeds the surface tension of the ink 
liquid, agglomerations of toner particles accompanying 
small amount of the ink liquid fly from the front end posi- 
tion of the ejection electrode toward the opposite elec- 

;5 trode, and deposit on the surface of a recording 
medium. Thus, aggregations of charged particulate 
material flies one after another from the front end of the 
ejection electrode by applying voltage to the ejection 
electrode, thereby printing being performed. 

20 The conventional ink-jet recording head shown in 
Fig. 1 should orient the front end 46 of the ejection elec- 
trode 45 so that the ink is ejected in the predetermined 
direction. Thus, the blade 47 for the orientation should 
be formed on the end of the ink channel 41. However, 

25 the ink must move under the blade 47 in order that the 
ink from the ink channel 41 reaches the front end of the 
ejection electrode 45. This extends the distance for the 
ink liquid and the toner particles therein to reach the 
front end 46, so that ejection of the ink becomes unsta- 

30 ble. In addition, the extended distance calls for the drive 
source 49 to apply a very high voltage to the election 
electrode. Higher pulse voltage applied to the ejection 
electrode causes a problem making difficult fabrication 
of a driver. Further, there arises a problem that, when 

35 pulse driving is performed at a high voltage, noise may 
be induced in peripheral electronics, leading to malfunc- 
tion. 

In addition, since the ink circulating path of the ink 
channels 41 and 42 is separated from a point for eject- 
40 ing the ink or the front end 46 of the ejection electrode, 
many of toner particles in the ink channel 41 fail to reach 
the front end 46. but return to the ink channel 42 through 
the director 43. so that a sufficiently dense image can- 
not be recorded. 

45 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
reliable, inexpensive electrostatic ink-jet recording 
so apparatus that can stabilize flight of toner. 

The ink-jet recording apparatus according to the 
present invention performs printing on a recording 
medium by applying an electric field to ink containing 
charged toner particles, and causing the ink containing 
55 the toner particles to fly under Coulomb force acting on 
the toner particles. It comprises a head body, an oppo- 
site electrode, and a drive circuit. 

The head body has a projecting portion projecting 
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toward an ink ejection side, and is provided with an ink 
channel for circulating the ink and an opening posi- 
tioned in the ink channel- The ink channel is located 
under and along the surface of the projecting portion. 
The opening is located at the vertex of the projecting 
portion for ejecting the ink from the ink channel. Ejection 
electrodes are located on the surface of the projecting 
portion of the head body. Thier front ends reach or 
extend to the opening. An electrophoresis electrode is 
secured in the ink channel at a position facing to the 
opening, and supplied with a voltage for moving the 
toner particles in the ink flowing in the ink channel to the 
front ends of the ejection electrodes with the electro- 
phoresis effect. The opposite electrode is positioned 
opposite to the ink ejection side. The drive circuit drives 
the opposite electrodes when the electrophoresis elec- 
trode is driven, and generates ejection voltages for 
attracting the toner particles toward the opposite elec- 
trode with Coulomb force that is generated by an elec- 
tric field acting between the ejection electrode and the 
electrophoresis electrodes, and the opposite electrode. 

The front ends of the ejection electrodes have first 
and second ejection electrodes that are positioned 
opposite each other at the opening of the head body. 

The drive circuit separately applies drive pulses to 
the first ejection electrodes. Alternatively, it selectively 
supplies drive voltage to either one of the first or second 
ejection electrodes, or to both of the first and second 
ejection electrodes. This allows it to control the size of 
recording dot. or the density of recorded image. 

The front ends of the ejection electrodes may have 
a plurality of first and second ejection electrodes that 
are alternately positioned and bent at the center of the 
opening. Recording resolution can be doubled by sepa- 
rately controlling them. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a recording 
head of a conventional electrostatic ink-jet record- 
ing apparatus; 

Fig. 2 is a schematic perspective view showing an 
electrostatic ink-jet recording apparatus according 
to a first embodiment of the present invention; 
Fig. 3 is a perspective view of a recording head of 
the electrostatic ink-jet recording apparatus shown 
in Fig. 2; 

Fig. 4 is a plan view of a base film used for the 
recording head of Fig. 3; 

Fig. 5 is a sectional view along line A-A of the 
recording head of Fig. 3; 

Fig. 6 is a sectional view along line B-B of Fig. 5; 
Fig. 7 is a partial plan view of the recording head of 
Fig. 3 when viewing from the ink liquid output side; 
Fig. 8 is a plan view showing record samples when 
the recording head of Fig. 7 is used; 
Fig. 9 is a plan view of a recording head using ejec- 
tion electrodes in an arrangement different from 



Fig, 7, when viewing it from the ink liquid output 
side; 

Fig. 10 is a perspective view showing a recording 

head of an electrostatic ink-jet recording apparatus 
5 according to a second embodiment; 

Fig. 1 1 is a perspective view showing a recording 

head of an electrostatic ink-jet recording apparatus 

according to a third embodiment; 

Fig. 12 is a sectional view along line C-C of the 
/a recording head of Fig. 1 1 ; and 

Fig. 13 is a sectional view along line D-D of the 

recording head of Fig. 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
is EMBODIMENTS 

Referring to Fig. 2, the electrostatic ink-jet record- 
ing apparatus according to a first embodiment of the 
present invention comprises an electrostatic ink-jet 

20 recording head (hereinafter called the "recording head) 
1 , a drive circuit 2 for driving the recording head 1 . and 
a roller-shaped opposite electrode 4 positioned at the 
ink liquid ejection side of the recording head 1. The 
opposite electrode 4 is grounded. When the drive circuit 

25 2 drives the recording head 1. the ink liquid flies out 
from the recording head 1 by electrostatic force 
between the recording head 1 and the opposite elec- 
trode 4, reaches recording paper 3. and is recorded 
thereon. 

30 In Fig. 3, the recording head 1 has a head body 1 1 
and a base film 10 of an insulating material fixed to the 
head body 1 1 . The head body 1 1 has an angular pro- 
jecting portion 11a projecting toward an ink ejection 
side, and is provided with an ink channel 13 for circulat- 
es ing the ink and slit openings 14a and 14b positioned in 
the ink channel. The ink channel 18 is located under 
and along a surface of the angular projecting portion 
11a. The openings are located at the vertex of the angu- 
lar projecting portion 1 1a for ejecting the ink from the ink 
40 channel 18. The base film 10 is fixed on the surface of 
the angular projecting portion 1 1a of the head body 1 1 . 
The slit openings 14a and 14b are formed on the base 
film 10. The base film 10 is folded back through the slit 
opening 14a. Ejection electrodes 12 and 13 are formed 
45 on the surface of the base film 10. and connected to the 
drive circuit 2 of Fig. 2. The front ends of the ejection 
electrodes 12 and 13 are located at the sia opening ua 
and opposite each other. 

The head body 1 1 is made of an insulating material 
50 such as plastics. The opening 14b forms an ink output 
end of the angular projecting portion 1 1 a As shown in 
Fig. 4. the base film 1 0 is tape automated bonding (TAB} 
tape in which the ejection electrodes 12 and 1 3 consist- 
ing of a conductive material are integrally formed on an 
55 insulating material such as polyimide. and has a thick- 
ness of about 50 urn. The slit opening Ma is formed at 
the same location as the slit opening mb at the end of 
the angular projecting portion 1 1a of the head body > i 
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The electrodes 1 2 and 1 3 are made of a conductive 
material such as copper pattern plated in a thickness of 
20 - 30 urn on the base film 10. They are arranged, for 
example, in a pitch of 300 dpi or at an interval of about 
85 urn. The surface of the ejection electrodes 1 2 and 1 3 5 
is coated, as shown in Fig. 5, by an insulating coating 
member 1 7 with a thickness of 10 urn or less. The insu- 
lating coating member 17 is formed by chemically 
depositing Palylen resin. 

The head body 1 1 is previously worked with an ink 10 
supply port 15 and an ink discharge port 16. As shown 
in Fig. 5, an ink channel 18 is located under the surface 
of the angular projecting portion 11a and on an inner 
wall 21. The ink supply port 15 and the ink discharge 
port 16 are connected to the ink channel 18. The ink 15 
flows from the ink supply port 15 to the ink discharge 
port 16 through the ink channel 18. The slit openings 
14a and 14b are positioned on the vertex of the inner 
wall 21 , and are formed in the middle of the ink channel 
18. The ink supply port 15 is connected to an ink tank 20 
(not shown) through a tube, and applies a pressure of 
about 1 cm H 2 0 to forcibly circulate the ink liquid. 

The ink liquid is petroleum organic solvent (isopar- 
affin) dispersed with colored thermoplastic particulates, 
. so-called toner, together with antistatic agent. The toner 25 
is apparently charged in positive potential by zeta 
potential. 

In Fig. 5, an electrophoresis electrode 22 is secured 
on the inner wall 21 of the head body 11. The electro- 
phoresis electrode 22 is secured on a position facing to 30 
the slit openings 14a and 14b, and formed straight par- 
allel to the arranging direction of the front ends of the 
ejection electrodes 12 and 13. The front ends of the 
ejection electrodes 12 and 13 are positioned between 
the electrophoresis electrode 22 and the opposite elec- 35 
trode 4 of Fig. 1 . Since the electrophoresis electrode 22 
is positioned in the flow of the ink liquid in the ink chan- 
nel 18, the ink liquid containing the toner particles con- 
tacts the electrophoresis electrode 22. The 
electrophoresis electrode 22 is connected to the drive *o 
circuit 2 shown in Fig. 2. 

The drive voltage is applied from the drive circuit 2 
in Fig. 2 to a plurality of ejection electrodes 12 secured 
on one side of the angular projecting portion 1 1a, but 
not to the other plurality of ejection electrodes 13. The 45 
ejection electrodes 13 are provided for forming ink 
meniscus. That is. the ink meniscuses are independ- 
ently formed between the respective ejection electrodes 
12 and the opposing ejection electrodes 13 by the sur- 
face tension of the ink as shown in Fig. 6. The ink so 
meniscus is always formed. It is because the ink in the 
recording head is under negative pressure, and flows in 
the ink channel 18 as ink flow with a constant flow rate, 
and because the front ends of the ejection electrodes 1 2 
and 13 are positioned at the siit openings in the way to 55 
the ink channel 18. 

The electrophoresis electrode 22 is applied with a 
voltage (for example, 2.0 kV) with the same polarity as 



the toner potential from the drive circuit 2 of Fig. 2. 
Therefore, the toner particles in the ink. supplied from 
the ink supply port 15 and flowing through the ink chan- 
nel 18, is moved toward the front ends of the ejection 
electrodes 12 and 13 under the electrophoresis by the 
electric field between the electrophoresis electrode 22 
and the opposite electrode 4 of Fig. 2. Thus, toner par- 
ticle concentration near the ejection electrodes 12 and 
-1 3 becomes relatively higher than in the upstream of the 
ink flow 21 by the movement of toner particles by the 
electrophoresis in addition to supply of the toner parti- 
cles near the ejection electrodes 12 and 13 under force 
circulation by a pump. Furthermore, absorbed on the 
electrophoresis electrode 22 are counter ions, which 
are generated along with the movement of the toner 
particles by the electrophoresis, which have the oppo- 
site polarity to the charge of toner, and which are moved 
in the direction opposite to that of the toner particles. 

Therefore, when high voltage pulses of 1.1 kV are 
applied to any ejection electrode 12 at the same time a 
voltage is applied to the electrophoresis electrode 22, 
the charged toner is concentrated at the front end of 
meniscus 8 formed at the front end of that ejection elec- 
trode 1 2. Sufficient amount of toner group 9 flies toward 
the opposite electrode 4 or the recording paper 3 under 
the synergistic effect of the electric field between the 
electrophoresis electrode 22 and the opposite electrode 
4 of Fig. 2, and the electric field generated on the ejec- 
tion electrode 12. Furthermore, the ink is forcedly dis- 
charged to the ink discharge port 16 together with 
surplus toner particles. The toner deposited on the 
recording paper and forming recording dots is heated 
and fixed by a heater. 

As described above, according to the first embodi- 
ment of the present invention, the head body 1 1 has the 
angular projecting portion projecting toward the ink 
ejection side, and the ink channel 18 is located under 
and along the surface of the projecting portion 1 1 a for 
circulating the ink and the slit opening 14b being posi- 
tioned at the vertex of the projection portion 11a for 
ejecting the ink. The ejection electrodes 12 and 13 are 
located on the surface of the projecting portion 1 1a and 
reach the slit opening 14b. Accordingly, the front ends of 
the ejection electrodes 12 and 13 which are the points 
for ejecting the ink are adjacent to the ink circulating 
path (ink channel 18), and can concentrate sufficient 
amount of ink particles at the front end of the ejection 
electrode. 

In addition, the electrophoresis electrode 22 is 
secured facing to the slit opening 14b via the ink chan- 
nel 1 8 as shown in Fig. 5, and supplied with a voltage for 
moving the toner particles in the ink flowing through the 
ink channel 18 toward the front end of the ejection elec- 
trode 12 under the electrophoresis effect. 
Consequently, it is possible to efficiently concentrate at 
the front end of the ejection electrode 12 the mk parti- 
cles in the ink circulating in the ink channel 13 so that 
not only stable recording can be attained, but also the 
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drive voltage can be lowered for the electrophoresis 
electrode and the ejection electrode- 
Fig. 7 is a partial plan view of the recording head 1 
of Fig. 3 when viewing it from the ink liquid output side. 
Fig. 8 is a conceptual diagram of record samples by 5 
using the recording head of Fig. 7. The ejection elec- 
trodes 12 and 13 are arranged to have a distance L 
between the electrode ends in integer times of the pitch 
P between the electrode electrodes. High voltage drive 
pulses are applied to the ejection electrodes 12 and 13 io 
opposite each other. 

The drive circuit 2 of Fig. 2 generates one or both of 
drive voltages Vpl and Vp2 depending on selection of 
recording dot size or recording density. As shown in Fig. 
8, only recording dots with the same size are obtained in is 
the recording only with the drive voltage Vp1 applied to 
the ejection electrode 12. while recording dots in two dif- 
ferent sizes can be obtained by applying or not applying 
the drive voltage Vp2 together with the drive voltage 
Vpl to the other ejection electrode 13 from the drive cir- 20 
cuit 2 of Fig. 2. This is because, when the drive voltage 
Vp2 is applied together with the drive voltage Vpl, the 
ink liquid is ejected from the ejection electrode 12 and 
the opposite ejection electrode 13 to form large dots on 
the recording paper. This enables the drive circuit 2 to 25 
adjust the density of a recorded image. 

Fig. 9 is a plan view of a recording head using ejec- 
tion electrodes in an arrangement different from Fig. 7. 
In the figure, the ejection electrodes 12 and 13 are 
arranged in stagger, instead of opposite each other. The so 
ejection electrodes 12 and 13 are separately driven, 
and the drive voltage Vpl and Vp2 are independently 
generated according to drive data. In this embodiment, 
the recording density is improved by two times when 
compared with Fig. 7. 35 

Fig. 10 is a perspective view showing a recording 
head used for the second embodiment of the present 
invention. The second embodiment is the same as the 
first embodiment shown in Fig. 3 except for the arrange- 
ment of ejection electrodes. 40 

In Fig. 10, the ejection electrodes 32 and 33 are 
arranged in stagger, and bent at the center of slit open- 
ings 14a and 14b to cover the respective openings 14a 
and 14b. The ejection electrodes 32 and 33 are sepa- 
rately driven by the drive circuit 2 of Fig. 2. 45 

The second embodiment has an advantage to sta- 
bly form ink meniscuses. That is. since the meniscuses 
are formed along the bending sections of the ejection 
electrodes 32 and 33. the shape of ejection electrodes 
32 and 33 determines the shape of meniscus, so that so 
the ink particles can be stably ejected. In addition, the 
pitch of dots printed on the recording paper is twice Fig. 
3. When it is intended to enlarge the dot size or to 
increase the density of a recorded image, the drive cir- 
cuit of Fig. 2 is sufficient to supply the drive voltage to 55 
both the adjacent ejection electrodes 12 and 13. 

Fig. 11 is a perspective view of a recording head 
used for a third embodiment of the present invention. 
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Fig. 12 is a sectional view of Fig. 11, and Fig. 13 is a 
sectional view along line B-B in Fig. 12. 

The recording head of this embodiment differs from 
the secong embodiment of Fig. 11 in that it uses two 
insulating base films 10A and 10B formed with ejection 
electrodes. The base films 10A and 10B are adhered in 
such a manner that the ejection electrode sides are 
opposite each other. 

Formed on the surface of the base film 10A are a 
plurality of ejection electrodes 52 and 53 with slit open- 
ings I4d therebetween. The ejection electrodes 52 and 
53 are arranged in the same manner as the ejection 
electrodes 32 and 33 of the second embodiment shown 
in Fig. 10. The surface of the ejection electrodes 52 and 
53 is coated with an insulating coating member 1 7. 

Formed on the surface of the base film 10B are a 
plurality of ejection electrodes 62 and 63 with slit open- 
ings !4e therebetween. The slit openings I4e overlap 
the slit openings 14d. The ejection electrodes 62 and 63 
are arranged in the same manner as the ejection elec- 
trodes 32 and 33 of the second embodiment shown in 
Fig. 10. However, as shown in Fig. 13. the ejection elec- 
trodes 62 and 63 are arranged in stagger not to overlap 
the ejection electrodes 52 and 53. The surface of the 
ejection electrodes 62 and 63 is also coated with an 
insulating coating member 17. 

As shown in Figs. 12 and 14. the base film 10A is 
formed on the base film 10B. Accordingly, the ejection 
electrodes 52 and 53 are closer to the opposite elec- 
trode than the ejection electrodes 62 and 63. Then, 
ejection points 50 are formed in the ejection electrodes 
52 and 53 as shown in Fig. 13. Since ink meniscuses 8 
are unevenly arranged along the ejection electrodes 52 
and 53 as well as 62, 63, the ink meniscuses are stably 
formed. 

A first advantage of the third embodiment lies in 
that ejection can be carried out only through intended 
ejection points, thereby reliable toner ejection being 
attained. It is because the ink meniscuses formed at the 
intended ejection points 50 are separated and inde- 
pendent from those at adjacent ejection points so that 
behavior of ink at the ejection point 50 does not affect 
the adjacent ejection point. 

A second advantage of the third embodiment lies in 
that the toner particles are ejected without time lag. It is 
because the toner particles are held in the meniscuses 
previously formed at the front ends of the ejection elec- 
trodes and the ejection points. 

The present invention is not limited to the embodi- 
ments described above. For example, although the pro- 
jecting portion is the angular projecting portion 1 1a with 
a predetermined angle at the front end of which slit 
openings 14a and 14b are formed, as shown in Fig. 3. 
the projecting portion is sufficient to have a shape pro- 
jected toward the ink ejection side. Foi example, it may 
be a curved front end without angle, in this case, the slit 
openings are formed at the vertex of the cuived fiont 
end. 
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Claims 

1 . An electrostatic ink-jet recording apparatus for per- 
forming printing on a recording medium by applying 

an electric field to ink containing charged toner par- 5 
tides, and by causing the ink containing said toner 
particles to fly under Coulomb force acting on said 
toner particles, said recording apparatus compris- 
ing: 

w 

a head body (11) having a projecting portion 
(11a) projecting toward an ink ejection side and 
being provided with an ink channel (18) for cir- 
culating the ink and an opening (14a. 14b) 
positioned in said ink channel, said ink channel 15 
being located under and along a surface of said 
projecting portion, said opening being posi- 
tioned at the vertex of said projecting portion 
for ejecting the ink from said ink channel; 
ejection electrodes (12, 13) located on the sur- 20 
face of said projecting portion (11a) of said 
head body (11), front ends of said ejection 
electrodes extending to said opening; 
an electrophoresis electrode (22) secured in 
said ink channel ( 1 8) at a position facing to said 25 
opening (14a. 14b), and supplied with a voltage 
for moving said toner particles in the inkflowing 
in said ink channel to the front ends of said 
ejection electrodes (12. 13) with an electro- 
phoresis effect; 30 
an opposite electrode (4) positioned opposite 
to said ink ejection side; and 
a drive circuit (2) driving said ejection elec- 
trodes (12. 13) when said electrophoresis elec- 
trode (22) is driven, for attracting said toner 35 
particles toward said opposite electrode (4) 
with Coulomb force that is generated by an 
electric field acting between said ejection elec- 
trodes (12, 13) and said electrophoresis elec- 
trode (22). and said opposite electrode (4). 40 

2. The electrostatic ink-jet recording apparatus as set 
forth in claim 1 . wherein said ejection electrode 
have first (12) and second ejection electrodes (13), 
front ends of said first electrodes are positioned 45 
opposite to front ends of said second electrodes via 

a spacing on said opening. 

3. The electrostatic ink-jet recording apparatus as set 
forth in claim 2, wherein said drive circuit (2) sepa- sg 
rately applies drive pulses to said first ejection elec- 
trodes (12). 

4. The electrostatic ink-jet recording apparatus as set 
forth in claim 2, wherein said drive circuit (2) selec- 55 
tively supplies drive voltages to either said first ejec- 
tion electrode (12) or said second ejection 
electrodes (13), or to both of said first and second 



ejection electrodes. 

5. The electrostatic ink-jet recording apparatus as set 
forth in claim 2, wherein said spacing between the 
front ends of said first (12) and second ejection 
electrodes (13) is integer times of the pitch of said 
ejection electrodes. 

6. The electrostatic ink-jet recording apparatus as set 
forth in claim 1, wherein said ejection electrodes 
have a plurality of first (32) and second ejection 
electrodes (33), the front ends of which are alter- 
nately positioned and bent at a center of said open- 
ing. 

7. The electrostatic ink-jet recording apparatus as set 
forth in claim 6. wherein said drive circuit (2) sepa- 
rately applies drive pulses to said first (32) and sec- 
ond ejection electrodes (33). 

8. The electrostatic ink-jet recording apparatus as set 
forth in claim 6, wherein said drive circuit (2) selec- 
tively supplies drive voltages to either said first ejec- 
tion electrodes (32) and said second ejection 
electrodes (33), or both of said first and second 
ejection electrodes. 

9. The electrostatic ink-jet recording apparatus as set 
forth in claim 1, wherein said ejection electrodes 
(12, 13) are formed on a base film (10) formed with 
holes at positions corresponding to said openings 
and fixed on the surface of said projecting portion 
(11a). 

10. The electrostatic ink-jet recording apparatus as set 
forth in claim 9. wherein said base film (10) consists 
of a first base film (10A) and a second base film 
(10B) which are laminated, each of said first and 
second base films being formed with said ejection 
electrodes (52, 53, 62. 63). 

11. The electrostatic ink-jet recording apparatus as set 
forth in claim 10, wherein said ejection electrodes 
(52, 53) on said first base film (10A) are arranged 
alternately with said ejection electrodes (62, 63) on 
said second base film (10B). 
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(54) Electrostatic ink-jet recording apparatus using ink containing charge particulate material 

(57) A head body (11) is shaped to project toward 
an ink ejection side, and formed along the projection 
with an ink channel ( 1 8) for circulating the ink, at the ver- 
tex of the front end of which an opening is formed for 
ejecting the ink from the ink channel. An ejection elec- 
trode (12, 13) is formed along the front end of the head 
body. Its front end reaches the opening. An electro- 
phoresis electrode is secured in the ink channel (18) at 
a position opposite to the opening, and supplied with a 
voltage for moving the toner particles in the ink flowing 
in the ink channel to the front end of the ejection elec- 
trode with the electrophoresis effect. An opposite elec- 
trode is positioned opposite to the ink ejection side. A 
drive circuit drives the opposite electrode when the 
electrophoresis electrode is driven, and generates volt- 
age for attracting the toner particles toward the opposite 
electrode with Coulomb force that is generated by an 
electric field acting between the ejection electrode and 
the electrophoresis electrode, and the opposite elec- 
trode. 
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